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Preface 


A  geophysical  invesUgation  was  conducted  at  Fort  Detrick,  Maryland,  by 
personnd  of  the  Geotechnical  Lab(»atory  (GL),  U.S.  Army  Waterways  Ex¬ 
periment  Station  (WES)  during  the  period  21  through  28  June  1993.  The  in- 
vesdgatkm  was  perfon^  for  the  U.S.  Army  Environmoital  Crater  (AEC), 
Aberdeen  Proving  Ground,  Maryland.  The  AEC  Project  Engineer  was  Ms. 
Cadierine  Johnson  and  foe  AEC  Project  Geologist  was  Mr.  Larry  Nutter. 

This  npon  was  prepared  by  Mr.  Josd  L.  Uopis  and  Dr.  Janet  E.  Simms, 
Earfo^iake  Eogmeering  and  (leosciences  Division  (EEGD).  The  work  was 
performed  under  foe  direct  8iq>ervision  of  Mr.  Josqfo  R.  (}urro,  Jr.,  Chirf, 
Engineering  Geo|foysics  Branfo.  The  woric  was  porformed  under  foe 
general  siqMtviskm  of  Drs.  A.  G.  Franklin,  Chief,  EEGD,  and  WUIiam  F. 
Marcusrm  ID,  Director,  GL.  Fidd  woric  and  data  analysis  were  performed  by 
Mr.  Josd  L.  Uopis  and  Dr.  Janet  E.  Simms. 

At  foe  time  of  publication  of  fob  report.  Director  of  WES  was  Dr.  Robert 
W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


Conversion  Factors, 
Non-SI  to  SI  Units  of 
Measurement 


N<m-SI  units  of  measurement  used  in  diis  rqwrt  can  be  converted  to  SI  units 
as  follows: 


mi—  (U.8.  wtuw) 
pounds  (w— ) _ 


0.4536924 


klomnw* 


1  Introduction 


Background 

Fort  Detrick  is  located  widiin  the  city  of  Frederick,  MD  approximatdy 
47  mUes  west  of  Baltimore,  MD  and  4S  miles  omtii  of  Washington,  D.C  (Fig¬ 
ure  1).  Frmn  its  activation  in  1943  until  1969,  Fort  Detrick  served  as  die 
nation’s  center  for  militaty  offensive  and  defensive  biological  research.  In 
1969  President  Nixon  ordered  tiie  termination  of  US  researdi  m  offensive 
biological  warfore.  In  1972  Fmt  Detrick  was  transferred  under  tiie  command 
of  the  Office  of  the  Surgeon  General,  Dq>artment  of  the  Army.  Today  tiie 
nuyor  misskm  of  the  US  Army  Garrison  at  Fort  Detrick  is  to  provide  central¬ 
ized  Base  Operations  Siq^iott  Services,  required  locally  or  directed  by  higher 
authority,  to  siqiport  tiie  focilities  and  opmtions  of  those  tenant  units  assigned 
or  attached  to  Fort  Detrick,  US  Army  Garrison. 

Fbct  Detrkk  is  divided  into  areas  A  and  B  (Figure  2).  Area  A  (Main  Post) 
Is  approximatdy  797  acres  in  area  and  contains  most  of  tiie  US  Army  Garri¬ 
son  focflities  and  all  of  tiie  Post’s  m^  tenant  activities.  Area  B  is  located 
about  0.5  miles  west  of  the  Main  Post  and  contains  ap^ximatdy  399  acres. 
This  area  was  used  as  a  testing  area  until  1970  and  a  burial  site  from  1946  to 
at  least  1977. 

A  Records  Research  (R/R)  study  was  conducted  at  Fort  Detrick  in  October 
1976  to  estinaate  possible  contamination  at  tiie  installation  by  diemical,  biolog- 
iad,  and  radktiogical  material,  to  assess  tiie  possibility  of  ccmtaminant  migra¬ 
tion  beyond  the  boundaries,  and  to  evaluate  foe  requirements  for  a  prdiminary 
survey.  The  R/R  study  rqiorts  tiut  burial  sites  within  Area  B  contain  chemi¬ 
cal,  biological,  radiolQgical  material  and  possibly  unexploded  ordnance 
(UXO’s)  CDqNuctment  of  die  Army  1977). 

Tridilocoefo^ene  (TCE),  a  suqiected  carcinogen,  has  recently  been  detect¬ 
ed  in  water  sanqties  taken  from  several  wdls  in  Area  B  and  in  sanqiles  taken 
from  water  wdls  frmn  {vivate  residences  outside  the  boundaries  of  Area  B.  It 
is  suspected  that  burial  pits  located  wifoin  Area  B  are  tiie  stnirce  of  foe  TCE. 
Hie  main  objective  of  an  investigation,  being  managed  by  personnd  of  foe  US 
Anqr  Envirmuneatal  Center  (AEC),  is  to  determine  udiefoer  burial  pits  locat¬ 
ed  witifoi  Area  B  are  the  source  of  foe  TCE  contamination  and  if  so  determine 
posaflile  miration  padis.  Because  of  poor  or  no  record  keqiing  standards  in 
die  past,  oidy  die  general  locations  of  die  burid  pits  are  known. 


Objectives 


At  die  requett  of  AEC,  personnel  of  die  US  Army  Engineer  Waterways 
EiqieriiDem  Suoion  (WES)  conducted  a  geophysical  inve^giUion  at  Fort 
tri^  during  die  period  21  throu^  28  June  1993.  Hie  objectives  of  die  geo- 
fdiysical  investigation  were  to  determine  die  dq[)di  to  bedrock  and  delineate  the 
location  of  a  geologic  fnilt  that  is  suspected  of  extending  across  Area  B.  Seis¬ 
mic  refraction  and  electromagnetic  (EM)  mediods  were  used  to  meet  diese  ob¬ 
jectives. 


2  Area  B  Characteristics 


Area  Geology 

Area  B  is  located  in  the  geologic  subprovince  called  the  Frederick  Valley, 
an  area  about  6  miles  wide  and  23  miles  long,  v^ich  is  widiin  die  Piedmont 
(diysiograidiic  province.  The  ground  surface  is  diaracterized  by  broad  undu¬ 
lating  knobs  ai^  ridges  and  stream  valleys  that  are  deq>  and  narrow.  Cam¬ 
brian  limestone  and  Triassic  shales  and  conglomerates  form  die  principal  rock 
types  underiying  diis  area.  Dq>  of  the  rock  strata  is  usually  steqi  and  at 
Area  B  on  the  order  of  30**  to  50“  (US  Army  Engineer  District,  Baltimore 
1983). 

Site  Geology 

The  topogr^y  at  the  site  is  gende  and  radier  smoodi,  widi  elevations 
ranging  b^eu  af^iroximatdy  325  and  400  ft.  MSL.  In  the  central  and 
nordieast  portions  of  the  site  are  Triassic  shales,  mudstones,  and  limestone 
conglomerate,  vdiidi  are  sqiarated  from  Candvian  limestone  by  a  large  foult 
vdiidi  runs  from  nordiwest  to  southea^  and  essentially  dirougli  the  center  of 
the  site.  This  finilt  is  the  subject  of  this  get^ysical  investigadon.  The  lime¬ 
stones  are  medium  to  massivdy  bedded  and  have  been  solutioned  to  a  modo*- 
ate  d^ree  in  n^idi  solution  dianneis  and  cavities  are  {weseot.  These  solut¬ 
ioned  xones  are  often  partially  or  nearly  conqiletdy  filled  widi  a  red,  highly 
plastic,  low  pemmability  clay  (US  Army  En^neer  District,  Baltimore  1983). 

A  getdogic  nuq;)  of  the  Area  B  is  preset^  in  Figure  3.  Geologic  cross  sec- 
tfons  throu^  Area  B  are  shown  in  Figure  4. 

The  Triassic  red  shale  and  mudstone  are  moderatdy  hard  and  moderatdy 
jointed.  The  overburden  is  a  low  pmneability  red  residual  clay  whidi  ranges 
frmn  dKNit  S  to  20  ft  in  diidmess.  The  Triassic  ctmglomerate  is  a 
ftmglonierate  whidi  has  a  consolidated  coarse  silty-dayqr  sandy  matrix.  The 
limesttme  ctmglomerate  is  soluble  in  mild  acids,  and  is  diaracterized  by  cavi¬ 
ties  and  solutkm  diannds  tdiidi  are  partially  or  conqiletdy  day  filled.  The 
Triassic  shales  are  of  die  Newark  groiqi.  Ihe  Upper  Cambrian  limestones  are 
of  dm  Frederidcftmnatkm  or  die  Rocky  Springs  Station  member.  The  strike 
of  die  strata  generally  runs  nmdieast  to  southwest  and  the  dip  is  to  die  east- 
soi^ieast  about  30°  to  50*  (US  Army  ^igineer  District,  Baltimore  1983). 
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Soils 


Five  major  soil  types  are  found  in  Area  B  and  are  klemified  as  the  Adiol 
gravdly  loam,  Augusta  gravdly  loam,  Hagerstown  rocky  loam,  Lindside  silt 
lomi,  and  the  Peon  shaly  loam.  The  Athol  and  Augusta  gravdly  loam  occupy 
die  major  pwtion  of  die  suifoce  widiin  Area  B.  The  areal  distribution  of  soils 
is  shown  in  Figure  5.  A  description  of  die  soils  is  presented  in  Table  1. 


Table  1 

Area  B  Soil  Description 

SdiSwiM 

Daaoripdoii 

Athol  gravaSy  loam 

GravaSy  or  rooky  aoMa  daap  and  wall  drainad.  Davalopad  from 
waatharad  Nmaatona,  rad  ahala  and  aandatona.  YaHow-rad  to 
raddiah  brown,  hard  whan  dry,  alightly  plaatio  whan  wat.  Soma 
aMt  and  olay  ooourring  with  dapth. 

Auguata  gravoSy 
loam 

GravaSy  or  rooky  aoSa,  modarataly  waS  drainad,  modarataly  daap. 
Davalopad  from  eoSuvial  and  aSutdal  gravol  and  atony  dobria  of 
quartalta  artd  aaitdatoiw.  OSva  brown,  hard  whan  dry,  odoky  attd 
plaodo  whan  wat.  found  on  aNuvW  tarraoaa  and  low  dapoaita  of 
ooSwdal  matarial. 

Hagoratown  rooky 
loam 

Oaap,  atrongly  davalopad  waS  drainad,  dativad  from  Hmaatona. 

Brown  to  yaiow  rad.  Hard  whan  dry,  vary  adoky  whan  wat. 

Contairw  many  outeropa  of  Nmaatona  in  form  of  ladgaa.  Scattarad 
rook  fragmanta  ara  proaam  on  tha  auifaea. 

Undaida  ant  loam 

Modarataly  waS  draiitad  aoH  of  floodpiaina  and  upland  daproaaiorta. 
Davalopad  from  fina  matarial  waahad  from  DufIM,  Hagoratown, 
and  Frardtatown  aariaa.  Dark  gray  to  olivo  brown  in  color.  Lower 
otrata  of  day  la  Nght  to  graaniah  bkia. 

Paim  ahaly  loam 

WaS  drainad,  modarataly  to  vary  ahaSow,  davalopad  from  purpla  to 
dark  rad  ahala  and  oandatorta.  Raddiah  brown  aSty  to  dayay  loam 
with  partly  daoompoaad  ahala. 

Source:  Department  of  die  Army  1977) 
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3  Geophysical  Test  Principles 
and  Field  Procedures 


Seismic  Refraction  Surveys 

The  seismic  refraction  method  utilizes  the  fact  diat  die  compression-wave 
(P-wave)  velocity  of  a  material  is  dependent  on  its  elastic  properties.  The 
method  is  based  on  the  assumption  that  materials  are  locally  homogeneous  and 
isotropic  and  that  die  P-wave  velocity  of  die  subsurface  materials  increase 
monotonically.  In  die  seismic  refraction  method,  a  smsmic  disturbance  is 
usually  produced  by  means  of  explosives  or  by  striking  a  metal  plate  on  die 
ground  with  a  sledgdiammer.  The  location  of  die  seismic  distudiance  is  con¬ 
sidered  to  be  a  point  source  and  die  disturbance  is  transmitted  dmni^  die 
ground  as  a  series  of  waves.  Geophones  (vdocity  transducers)  are  inq;>laitted 
into  die  ground  surface  and  laid  along  a  strai^t  line  spaced  at  r^ular  inter¬ 
vals.  The  loigth  of  the  survey  line  dqiends  on  die  required  dqpdi  of  investi¬ 
gation;  a  common  rule  of  diumb  is  diat  the  length  of  the  line  should  be  from 
three  to  four  times  die  dqnh  of  interest.  The  function  of  die  geophones  is  to 
detect  die  arrival  of  the  P-wave.  A  gec^one  consists  of  a  wire  coil  suspend¬ 
ed  on  a  firing  and  surrounded  by  a  magnet.  When  a  seismic  disturbance 
sweqis  by  a  geophone,  die  disturbance  cmises  die  magnet  in  the  geopbone  to 
move  rdadve  to  die  wire  coil  dius  genoating  an  electrical  signal.  Ihese  sig¬ 
nals  are  dioi  transmitted  via  a  cable  to  a  seismognph  idiere  th^  are  ampli¬ 
fied  and  die  time  of  arrival  of  the  P-wave  at  each  location  determined. 

The  raw  data  ditained  from  the  seismic  test  consists  of  time  of  arrival  at 
each  gecqdione  location  and  corresponding  geophone  distances.  The  seismic 
refraction  data  is  interpreted  by  piottii^  the  P-wave  arrival  time  versus  geoph¬ 
one  distance  from  die  smsnuc  source.  Strai^t  line  s^pients  are  drawn 
throng  die  plotted  points.  Points  falling  on  or  near  die  same  straight  line 
s^ment  are  interpreted  to  correqxmd  to  the  same  subsurfuie  lay».  The  in¬ 
verse  slt^ies  of  the  line  s^ments  drawn  throu^  the  data  points  rqiresent  die 
P-wave  velocities  of  die  layer.  The  use  of  die  delay-time  data  analysis  mediod 
desoribed  by  Rec^iath  1973  allows  depdis  to  interfues  boieadi  each  shot  point 
to  be  calculated. 

An  exidosive  called  Kinqiak  was  used  as  the  smsmic  energy  source  for  the 
refrnction  surveys.  Kinqiak  is  a  two-conqionrat  explosive  consisting  of  am¬ 
monium  nitrate  (solid  conqionent)  and  nitromediane  Oiquid  component).  The 


scdid  oonqraneiit  is  packaged  in  rigid  plastic  tubes  into  which  a  prenneasured 
amount  of  the  li<piid  oon^mnent  is  pmired  on-site.  After  the  liquid  component 
has  had  time  to  mix  wifti  the  solid  component  (qiproximately  IS  min.)  Ae 
mixture  becomes  a  cap  sensitive  explosive. 

Sticks  of  Kinepak  were  placed  in  die  bottom  of  an  augured  2-ft  deq>  by  6- 
in.  diameter  shodmle  and  backfilled  widi  soil  and  tamped  to  minimize  "blow¬ 
out*  K^en  detonated.  The  amount  of  Kinepak  placed  in  a  shothole  varied  be- 
twemi  1  and  4  sticks  (approximatdy  0.3  to  1.3  lbs.)  depending  on  site  condi¬ 
tions.  Reynolds  Industries  Model  RP-83  ecplodmg  bridgewire  (EBW)  detona¬ 
tors  were  used  to  detonate  the  explosive  charges.  EBW’s  detonators  diffin 
fix>m  the  standard  blasting  cap  in  diat  diey  contain  only  secondary  explosives. 
The  ouqmt  is  equivalent  to  die  Mil  Spec  blasting  cap  but  it  is  significandy 
safer  to  store,  handle,  and  connect  to  die  firing  line  because  it  does  not  con¬ 
tain  any  primary  oiplosives. 

The  location  of  refraction  lines  R-1  and  R-2  are  shown  in  Figure  6.  Lines 
R-1  and  R-2  eadi  consist  of  four  s^arate  end-to-end  refraction  lines  or  sec¬ 
tions  eadi  365  ft  long.  Figure  7  shows  a  typical  seismic  refraction  line  layout 
used  for  this  investigation.  Each  section  consisted  of  twmty-four  geophones 
qiaced  15  ft  tpart.  Shodmle  locations  were  offret  15  and  90  ft  from  tte  end 
of  eadi  section.  A  shothole  was  also  located  in  the  center  of  eadi  section. 

No  90-ft  offset  or  center  shots  were  used  for  Sections  3  and  4  of  Line  R-2. 


EM  Surveys 


The  EM  tedmique  is  used  to  measure  difteroices  in  terrain  conductivity. 
Like  dectrical  resistivity,  conductivity  is  affected  by  differences  in  soil  porosi¬ 
ty,  water  content,  dionical  nature  of  die  ground  water  and  soil,  and  die  physi- 
nature  of  die  soil.  In  fact,  for  a  htHnogeneous  earth,  die  true  conductivity 
is  the  reciprocal  of  the  true  resistivity.  Some  advantages  of  usiog  die  EM 
over  die  dectrical  resistivity  technique  are  (a)  less  sensitivity  to  localized  re¬ 
sistivity  inhomogeneities,  (b)  no  dir^  ccmtact  widi  die  ground  required,  thus 
no  current  injection  problons,  (c)  smalio’  crew  size  required,  and  (d)  nqi^ 
measurements  (McNeil,  1980). 

The  EM  equipment  sdected  for  this  investigation  was  a  Geonics  modd 
EM-34-3-DL  conducdvity  meter.  The  EM-34  is  a  two-person  portable  system 
consisting  of  sqiarate  transmitter  and  recdver  consoles  and  transmitter  and 
receiver  coils  Ooop  antennae).  The  transmitter  coil  is  energized  widi  an  alter¬ 
nating  current  at  an  audio  fr^ency  to  produce  a  time-varying  magnetic  fidd 
sdiicfa  in  turn  induces  small  eddy  currents  in  the  ground.  These  currents  then 
generate  secondary  magnetic  Adds  whidi  are  sensed  together  with  die  primary 
fidd  by  the  receiver  coil.  The  units  of  conductivity  are  millindios  per  meter 
(nunho/m)  ot,  in  the  SI  tystem,  milliSiemeos  per  meter  (mS/m).  The  EM-34 
cdibra^  to  read  direcdy  in  mmfao/m  in  areas  udiere  conductivities  range 
between  1  and  100  mmho/m.  The  EM  data  are  then  presented  in  profile  plots 
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or  as  isooonductivity  oonttMirs  if  data  are  obtained  in  a  grid  form.  A  more 
diorou^  discussion  on  EM  dieory  and  field  procedures  is  given  by  But¬ 
ler  (1986),  Telford  et  al.  (1973)  and  Nabighian  (1988). 

Hie  EM-34  transmitter  opo^es  at  swhdi-sdectable,  controlled  frequencies 
of  6.4,  1.6,  and  0.4  Khz,  and  each  frequency  is  keyed  to  transmittm’-receivw 
CTx-Rx)  qiacings  of  10,  20,  and  40  m,  respectivdy.  The  EM-34  meter  read¬ 
ing  is  a  weighted  average  of  die  earth’s  conductivity  as  a  function  of  depth. 
Referring  to  Figure  8,  for  die  horizontal  dipole  case  (Tx-Rx  coils  vertically 
and  co-planar)  30  percent  of  die  response  at  die  surface  is  due  to  material  de¬ 
eper  dian  0.75  times  die  Tx-Rx  coil  separation.  Therefore,  for  die  horizontal 
dipole  case  a  rule  of  thumb  is  diat  die  d^di  of  investigation  is  iqiproximately 
equal  to  0.75  times  die  Tx-Rx  coU  separation. 

Horizontal  EM  profiling  refers  to  die  technique  wherdiy  the  Tx-Rx  coils 
are  translated  along  a  profile  line  keq)ing  the  fir^ency  and  coil  spacing  con¬ 
stant.  A  horizontal  EM  profile  line  will  reflect  variations  of  EM  properties 
such  as  variatioos  in  soil  or  rock  type  and/or  subsurface  geometry  sudi  as 
variations  in  dqidis  to  interfaces  within  die  depdi  of  investigation,  aldiou^ 
riricdy  speaking,  die  dqith  of  investigidion  itsdf  will  vary  as  the  other  param¬ 
eters  vary.  Also,  by  expanding  the  Tx-Rx  coil  spacing  about  a  point  on  the 
surface,  (he  variation  of  EM  properties  as  a  frinction  of  dqith  can  be  obtained. 
Therefore,  by  conducting  an  EM  horizontal  profile  line  along  a  survey  line 
using  several  coil  sqiarations  a  model  of  the  diickness  and  conductivity  of  the 
subsurfoce  layers  can  be  obtained. 

Figure  6  riiows  die  location  of  the  two  EM  profile  lines,  EM-1  and  EM-2, 
that  were  conducted  in  Area  B.  EM  line  EM-1  was  run  coincident  with  re¬ 
fraction  line  R-1.  The  EM  surveys  were  conducted  using  Tx-Rx  coil  sqiara- 
tions  of  20  and  40  m.  The  measuranents  were  taken  at  25-ft  incremoits  us¬ 
ing  the  horizontal  d^le  surv^  mode. 
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4  Test  Results  and 
Interpretation 


Seismic  Refraction  Surveys 


The  time-distance  (TD)  plots  for  refraction  line  R-1,  Sections  1  tfaroush  4 
are  presented  in  Figures  9  tiiroush  12,  respectivdy.  Table  1  shows  die  sym- 
hais  used  to  plot  tiie  TD  data  for  a  particular  shotpoint  offret. 


TaUo  1 
Kay  to  a 

ymbola  used  in  aaimnic  refraction  TD  plots 

C5H 

vno^OTni  fooBiion 

o 

OffMt  16  ft  from  SW  ond  of  Nno 

• 

Offdot  so  ft  from  SW  ond  of  Ntto 

A 

Offoot  16  ft  from  IK  ond  of  Ino 

A 

Offoot  90  ft  from  NE  ond  of  fino 

• 

Contorof  Nno 

Hie  inteqiretation  of  the  TD  plots  reveals  diree  velocity  layers  for  line 
R-1.  P-wave  vdochy  cross  section  pl(^  for  seismic  Sections  1  tiirough  4  are 
preseoted  in  Figures  13  duou^  16,  respectivdy.  Figure  17  shows  die  vdoci- 
ly  sectkms  for  seismic  Sections  1  dirmi^  4  placed  end-to-end.  The  seismic 
refraction  interinetation  foe  line  R-1  are  summarize!  in  Table  2. 

Examination  of  the  vdocity  cross  section  figure  17)  indicates  a  very  ir- 
r^ular  bedrock  surfoce.  The  TD  plots  (Figures  9-12)  show  significant  scatter 
in  die  timg  of  arrivals  from  the  third  layer.  This  indicates  dut  the  depdi  to 
dietopof  the  bedrock  is  highly  variable.  It  is  noted  that  the  cdculated  dqidis 
to  die  top  of  die  bedrodc  and  vdocities,  as  shown  in  die  cross  section,  are 
based  cm  certain  assumptions  InridSy  modioned  dxwe. 
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Tabto  2 

Saitmic  ^fraction  rasults.  Una  R-1 


Layar  Millibar 

ilyrane«>tp« 

Approidiiiota  6a|i6i  to 

eO^  flV  as 

Poaafcia  motariol  typo 

1 

1400  to  2100 

Surfaea 

Dry.  looaa  ovarlMirdan 

2 

2600  to  3500 

4  to  6 

Dry.  ovarburdon  ■ 
highly  waathorod 
badrook 

3 

13.600  to  14.800 

3  to  39 

Sound  badrook 

The  tune-distance  Cn>)  plots  for  refraction  line  R-2,  Sections  1  tfarou^  4 
are  presented  in  Figures  18  dirough  21,  req>ectiveiy.  The  interpretation  of 
the  TD  plots  also  reveals  three  velocity  layers  for  Line  R-2.  P-wave  vdocHy 
cross  sections  (dot  for  seismic  Sections  1  dirough  4  are  presented  in  Figures 
22  dirough  25,  reqiectivdy.  Figure  26  is  a  vdocity  cross  section  of  seismic 
Sections  1  dirough  4  placed  end-to-mid.  The  interpreted  results  for  line  R'2 
are  summarized  in  Tdile  3. 


Talite3 

Sniwnic  rafraction  results.  Line  R-2 

Layar  Mimbor 

AgproJdnwto  Valoe- 
My  rango.  fpa 

Appf  ojdrof  daptfi  to 
top  of  voloolty  loyofg  ft 

SoaaMo  matarW  typo 

1 

1475  to  1SS0 

Surfaoa 

Dry,  looaa  ovarburdan 

2 

2900  to  3000 

3  to  7* 

Dry,  ovarburdan  - 
highly  waatharad 
badrook 

3 

13.050  to  16,100 

10  to  49 

Sound  badrook 

*  Layvr  2  pinohM<«ut  towaid*  the  soutlMm  tnd  of  tho  Hm. 


The  results  for  lines  R-1  and  R-2  exhibit  die  same  characteristics.  Both 
lines  indicate  three  velocity  layers  with  corresponding  velocities  and  dqidis  to 
interfoces  diat  agree  very  wdl.  Bodi  lines  indicate  diat  die  dqith  to  top  of 
rock  is  hi^y  varidile  indicating  that  die  bedrock  may  be  pinnaded  because 
of  weadieriog. 

As  indicated  in  Tables  2  and  3  there  is  a  very  large  vdocity  contrast  be¬ 
tween  layers  2  and  3.  In  cases  where  large  vdocity  contrasts  between  succes¬ 
sive  It^ers  exist  a  "Mind  zone”  should  be  suspected.  A  blind  zone  refers  to  a 
It^  that  cannot  be  detected  because  of  insufficient  vdoci^  contrast  or  diick- 
ness.  The  error  dutt  results  firom  not  knowing  the  existence  of  a  blind  zone  is 
dut  the  omniNited  dqidi  to  die  refracting  li^  is  too  shdlow. 


As  an  Olustratkm  of  die  magnitude  of  die  error  that  can  occur  by  having  a 
Mind  mne  ctmskler  the  following  example:  Assume  two  vdocities  3000  and 
14,000  and  it  is  suspected  diat  dim  is  a  hidden  layer  between  the  low 
vdocky  (3000  layer  and  the  14,000  fps  bedrock  refractor.  Also  assume 
diat  die  foickness  of  die  3,(X)0  fp*  vdochy  layer  has  a  thickness  of  20  ft.  If  it 
is  also  assumed  diat  a  suspected  Mind  zone  has  a  vdocity  of  5,000  ^  (vdoci- 
ty  of  sediments)  how  diick  could  it  be  and  still  not  be  detected?  For 

diis  exanqde  it  turns  out  diat  the  maxumim  undetectdile  diickness  of  the  hid¬ 
den  layer  is  ^iproximatdy  13  ft.  Therefore  die  depth  to  die  bedrock  refractor 
can  range  from  a  minimum  of  20  ft  (no  hiddon  layer)  up  to  a  maximum  depth 
of33ft;  i.c.,  13  ft  +  20  ft. 

A  foult  with  different  geologicd  materids  on  dther  side  with  litde  or  no 
verticd  displacemeitt  must  have  a  sufficient  seismic  velocity  contrast  betweoi 
die  two  rode  types  in  order  to  be  detectable  widi  die  refraction  method.  If 
diere  is  a  sufficioit  vdocity  contrast  between  materids  on  either  side  of  the 
fruit,  die  TD  (dot  should  indicate  die  vdocity  correspondiitg  to  die  materials 
on  eadi  side  of  die  fruit.  However,  the  ability  to  resolve  a  fruit  from  die 
surv^  may  be  difficult  if  die  she  is  geologicdly  "noisy",  i.e.,  irregular  re¬ 
fractor  surfrees,  boulders,  etc.  When  diere  is  an  irr^ular  refractor  surfree 
die  TD  (mints  tend  to  exhibh  considerable  scatter.  This  mdran  h  very  difficult 
to  determine  accurate  vdocities  and  dius  reduces  die  ability  to  determine  the 
existence  of  the  fruit. 

The  TD  plot  should  be  examined  to  ascertain  if  diere  is  a  time  offret 
caused.  A  time  offret  firmn  a  refractor  surfree  may  be  indicative  of  a  vertical 
dispiacement  in  die  refracth^  layer  dong  the  surv^  line.  In  this  case  diere 
don  not  have  to  be  a  vdocity  contrast  between  the  materids  on  either  side  of 
die  fruit  in  order  to  be  detectaMe  however,  there  must  be  adequate  diqilace- 
ment  of  materials  on  ddier  side  of  the  fruit.  Again,  if  the  data  are  noisy  h  is 
difficult  to  determine  if  die  time  offrets  are  caused  by  a  fruit  din^lacement  or 
by  irr^ularitin  in  die  top  of  die  refractor. 

Examination  of  die  TD  (dots  for  liim  R-1,  (larticularly  Sections  1  and  2, 
Rgum  13  and  14,  reqiectivdy,  indicate  anm^ous  data  point  scattn.  The 
variabflity  in  the  t^  of  arrivals  may  be  caused  by  variations  in  the  depdi  to 
top  of  rode,  voids,  fractum,  or  horizontd  vdocity  dumgn.  These  two  sec¬ 
tions  indicate  anomalous  sulmirfrce  conditions  whidi  may  be  indicative  of 
solutioning  or  varidile  dqidi  of  weadiering. 

Referring  to  die  composite  vdocity  i»ofile  fiir  line  R-2  (Figure  26),  h  can 
be  seen  that  die  average  dqhh  to  bedrock  is  ^iproximatdy  IS  ft  between  dis¬ 
tances  of  15  and  360  ft  at  ^idi  point  the  de^  to  bedrock  has  an  average  of 
25  ft  to  a  distance  of  q)(>roximatdy  840  ft.  Between  distances  of  840  and 
1035  ft  a  large  bedrock  trouf^  whh  a  maximum  depth  of  50  ft  has  been  inter- 
pMtBi.  An  alternative  interinetation  for  die  area  bdween  distances  of  840  and 
1035  ft  is  dmt  there  is  a  localized  low-vdochy  zone  possibly  due  to  day  in- 
ffiling  ot  a  shear/fracture  zone. 


Tlw  interpreted  results  are  only  as  valid  as  the  assun^Kiops  used.  Fm  ex¬ 
ample,  lateral  vdocity  diaoges  are  not  handled  very  well  by  die  dday-time 
interpratatkm  method.  The  data  interpretation  should  be  evaluated  in  conjunc¬ 
tion  widi  other  site  information,  sudi  as  logs  from  nearby  wdls,  in  order  to 
inqirove  iqion  the  interpretation  and  to  determine  die  validity  of  die  interpret¬ 
ed  modd. 

EM  Surveys 


The  results  for  line  EM-1  are  presented  in  Figures  27  throu^  29.  Figures 
27  and  28  are  plots  of  conductivity  versus  depth  using  20  and  40  m  coil  sp»c- 
ings,  reqiectivdy.  The  conductivity  values  for  the  20  m  data  range  between 
approximatdy  0.S  and  10  mS/m.  The  location  of  the  extremdy  low  values  at 
dtetances  of  167  and  1,542  ft  corrdate  widi  the  known  locations  of  sted-wire 
fonces  located  at  distances  of  181  and  1577  ft.  The  20  m  data  show  a  hi^ 
conductivity  area  between  distances  of  qiproximatdy  217  and  392  ft.  Between 
qiproxiniatdy  392  and  792  ft  the  conductivity  values  decrease  from  qiproxi- 
matdy  9.5  to  3  mS/m  and  rmnain  rdativdy  omstant  to  a  distance  of  1592  ft 
at  whidi  point  they  b^in  to  steadily  increase  m  die  northeastern  end  of  the 
line.  The  40  m  data  (Figure  28)  is  a  littie  noisy  however,  the  data  show  die 
smne  gawrd  trend  as  tint  of  tiie  20  m  data.  The  similarity  in  the  trend  be¬ 
tween  the  20  and  40  m  spaced  data  is  better  illustrated  when  the  data  are  plot¬ 
ted  togetiier  as  shown  in  Figure  29.  In  tiie  40  m  data  set,  tiie  high-'valued 
conductivity  data  point  located  at  a  distance  of  517  ft  is  ccmsidered  to  be  a 
qwrious  data  point  and  is  disregarded.  The  40  m  data  set,  in  general,  seems 
to  have  a  sliglWy  hi^er  or  no  difference  in  amductivity  ^riues  than  tiiose  of 
tiie  20  m  data  set.  This  would  indicate  tiiat  g,,  in  the  case  where  there  is  no 
change  in  otmductivhy  values  witii  reflect  to  coil  qpadng  that  the  EM  survtty 
detected  <mly  cme  htyer  aloi^  the  survey  line  or  in  the  case  t^ere  there  is  a 
slHUht  increase  in  amductivity  witii  increasing  coil  qmcing  the  conductivity  of 
tiie  material  increases  with  depth  tiius  indicating  a  possible  increase  in  clay 
and/or  water  content  witii  de|iA.  In  ^lend,  tiie  variability  in  conductivity 
akNV  tiie  line  is  not  significant  with  the  exception  of  tiie  area  between  200  and 
4(X>  ft.  The  high  conductivity  values  in  tills  area  may  be  caused  by  a  localized 
increase  in  day  and/or  water  content  idiidi  may  or  may  not  be  associated 
whh  a  fracture  zone. 

The  results  fbr  line  EM-2  are  presemed  in  Figures  30  through  32.  Figures 
30  and  31  are  {dots  of  conductivity  versus  dqitii  using  20  and  40  m  coil  spac- 
iags,  reqiectivdy.  The  amductivity  values  ftir  the  20  m  data  range  between 
approximately  3.5  and  8  mS/m.  Ctmductivities  between  distances  of  -33  and 
142  ft  tend  to  have  a  decreasing  trend  towards  the  nortii.  From  a  distance  of 
142  to  tiie  ncnthem  end  of  the  line  the  data  show  a  general  increasing  trend 
witii  minor  fluctuations.  The  lower  conductivity  value  at  742  ft  is  caused  by  a 
wire  ftnce  and  a  metal  gate  in  the  area.  The  40  m  data  show  a  range  of  om- 
docthdties  between  apptoxinutdy  1.5  and  5  mS/m  witii  tiie  same  general 
trend  as  di^lityed  by  tiie  20  m  amductivity  data.  The  40  m  data  has  omsis- 
tentiy  lower  amductivity  values  tium  the  20  m  data  as  shown  in  Figure  32. 
The  lower  conductivity  valiMS  fiir  tiw  40  m  data  set  implies  tiutt  conductivity 
vaines  decrease  as  a  flmctkm  of  deptii.  This  may  suggest  tint  a  second  deeper 


Iqrcr,  pouttrfy  bedrock,  widi  a  towa-  day  and/or  wder  oomeitt  has  been  en> 
countered.  The  lade  of  a  aignificttn  shift  in  owductivity  values  along  the 
soiv^  line  indicates  that  a  ftailt  contact  was  not  crossed. 


5  Summary  and  Conclusions 


A  geophysical  iovestigation  was  conducted  to  determine  die  depth  of  bed- 
rodc  and  to  delineme  a  suspected  geologic  fnilt  with  a  nortfawest-soudieast 
orieatatkm  that  nms  duough  the  center  of  Area  B.  Cmbrian  limestones  are 
mapped  southwest  of  die  fiailt  whereas  Triassic  shales  are  nugiped  northwest 
of  the  fiult.  Two  seismic  refiractkm  and  two  EM  surv^  lines  were  run  at 
AreaB.  The  seismic  refraction  method  was  used  to  obtain  vdocity  cross  sec- 
tions  akmg  each  ol  die  144(Mt  long  survey  lines.  The  velocity  cross  sections 
indkded  three  velocity  nmes.  The  two  uppermost  layers  are  interpreted  as 
cotreHionding  to  dry  unconsolidated  materials.  The  third  and  deepest  layer, 
raiding  in  depth  between  approximatdy  9  and  49  ft,  and  havii^  velocities 
rangiog  betwm  13,050  and  16,100  ^  is  ptesumed  to  correqxmd  to  bedrock. 


The  results  from  line  R-1  show  a  hi^y  variaUe  depth  to  bedrock  for  the 
aoudiem  700  ft  of  the  survty  line  probhUy  caused  by  a  high  degree  of  bed- 
rodc  disstdttlion  and  weidieriog.  An  anomalously  deep  trou^  was  interpreted 
ibr  Line  R-2  in  an  area  q;wnned  by  distances  840  and  103S  ft.  The  anomalous 
seismic  results  finr  this  section  can  also  be  ahemativdy  interpreted  as  bdng  a 
rasolt  a  low  velocity  zone  possMy  caused  by  fractures  associated  widi  a 
findt  zone.  No  clear  evidence  of  a  fiadt  was  ftiund  altwg  seismic  refractxHi 
lines  R-1  or  R-2. 

Two  EM  lines  were  tun  at  the  site  to  determine  the  locatkm  of  the  geologic 
finft.  The  maximum  lengdi  of  EM  survey  lines  EM-1  and  EM-2  were 
1,865  ft  and  925  ft,  reqiectivdy.  The  maximum  depdi  of  investigation  ftir 
dhese  surveys  was  approximately  100  ft.  In  general,  die  range  of  craductivity 
vahNS  ftar  the  EM  surveys  was  between  2  and  10  mS/m.  The  narrow  rarige 
of  condnctivity  valoes  shown  by  bodi  EM  survty  lines  indicates  diat  die  sur¬ 
vey  lines  did  not  cross  a  fruit  contact  with  materials  haviag  contrasting  dectri- 
cal  properties  nch  as  would  be  expected  when  crossing  frtmi  rdativdy  low 
conductivity  limestcme  to  a  reiativdy  h^  omductivity  shale  material. 
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Rgura  1 .  Vicinity  map 


Rsurt  2.  Location  of  Areas  A  and  B,  Fort  Detrick 
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Geologic  map  of  Area  B 


GEOLOGIC  SECnOM  A-A 


Figure  4.  Geologic  cross  section.  Area  B 


Figure  5.  Areal  soU  distribution  map.  Area  B 


Figure  6.  Geophysical  test  layout 


Figura  7.  Refraction  line  layout 


Rgtm  8.  Cumulative  response  versus  depth  for  horizontal  dipoles 
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Figure  9.  Time  versus  distsnce  plot,  line  R-1 ,  section  1 
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Hours  10.  Time  versus  distance  plot  line  R-l,  section  2 
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SECTION  3 


Rgure  1 1 .  Time  versus  distance  plot,  line  R'1,  section  3 
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SECTION  2 


Row*  14.  P'wavt  velocity  cross  ssetion,  Hns  R-1.  section  2 
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LINE  1  -  SECTION  3 


Rgurt  15.  P^v«  vtloeity  cross  section,  Kns  R-1,  section  3 
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SECTION  A 


Rpura  16.  P-wiv*  valocitv  cross  ssction,  Hns  R-1,  section  4 


Figure  17.  Composite  P*wave  velocity  profile,  line  R*1 
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now*  19.  Tbn*  varsus  distance  plot  line  R-2,  section  2 
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Rgure  20.  Thim  versus  distance  plot  Kne  R-2,  section  3 
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Rgura  21 .  Time  versus  distsnce  plot,  line  R*2,  section  4 


Figure  22.  P-wave  velocity  cross  section,  line  R*2,  section  1 
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LINE  2  -  SECTION  2 


Rgura  23.  P-wave  velocity  cross  section,  line  R-2.  section  2 


Routs  24.  P-wava  velocity  cross  section,  line  R'2.  section  3 


Figura  25.  P-wav»  vdodty  cross  section,  line  R-2,  section  4 


LINE  2 


26.  Composite  P-wave  velocity  profile,  line  R-2 


Lin©  1 


20  m  o  n  d  40  m  coll  spacing 


* ■***  40m 

©•••e20m 


•  p«c  Ing 

•  poc  Ing 


Houra  29.  Lin«  Eli-1  survey  rasuKs,  20  «id  40  m  coH  spadno* 


Con  d 


Line  2 


20  m  coll  spacing 


Rom  30.  Um  EM-2  surwy  retults,  20  m  coH  spacino 


REPORT  DOCUMENTATION  PAGE 


Form  Apfiroved 
OMB  No.  0704-0188 


PuMic  OurPtn  for  iKit  coMooion  of  mformoiion  n  tsiMooloO  to  ^  N>u/  Mr  rctpor^w.  inclw0in9 time  for  reviewing  mitruaiom.  teorching  eaistmg  CMU  kooren. 

"ttiTi  *1— ir‘r‘H)  tnl"rrt  -rirDi^t  coUtci«onof  mformotton.  Seotf  commeou  regerOing  tht«  OurOen  eitimotc  or  eny  other  tgect^  thn 
coSocMiof  mformocioh.  nHtugmq  uimiliOfH  for  retfuemg  thn  burMn  to  Wethiogtoft  Heooouertea  Wtvkm.  Oireaorete  for  mformetion  Ooeratiomend  ioffenon 

Onraimi*^Tr  ul  zZiQ2'*i02.  iK  to  tht  OWke  o<  Monegemewt  MO  luoget.  Peoerworn  heOoaion  Profct  (0704-0 *M).  Watfuogtor^.  OC  20S03 


1.  ACCMCY  use  OMIY  bhnk)  li.  Rf^T  DATE 

March  1994 


3.  RfPORT  TYPC  AND  OATES  COVERED 

Final  report 


a  TITU  AND  SUBTITLE 

5.  FUNDING  NUMBERS 

Seismic  Refraction  and  Electromagnetic  Surveys 
at  Fort  Detrick,  Maryland 

MIPR7082 

a  AUTHOR(S) 

Jos6  L.  Llopls,  Janet  E.  Simms 

7.  PERFORMING  ORGANI2ATION  NAME(S)  AND  AOORESS(E$) 

B.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

U.S.  Army  Engineer  Waterways  Experiment  Station 
Geotechnical  Laboratory 

3909  Halls  Ferry  Road,  Vicksburg,  MS  39180-6199 

Miscellaneous  Paper 
GL-94-10 

9.  SPONSORMG/MONITORmG  AGENCY  NAME(S)  ANO  AOORESS{ES) 

10.  SPONSORING /MONITORING 

AGENCY  REPORT  NUMBER 

U.S.  Army  Environmental  Center 

Aberdeen  Proving  Ground,  MD  21010-5401 

11.  SUPPUMENTARY  NOTES 

This  report  is  available  from  the  National  Technical  Information  Service, 

5285  Port  Royal  Road,  Springfield,  VA  22161. 

12*.  OtSTHmunON/AVARABIUTY  STATEMENT 

12b.  distribution  code 

Approved  for  public  release;  distribution  is  unlimited 

13.  aSSTRACT  (»4tKimum  200  words) 

A  geophysical  Investigation  was  conducted  to  detemlne  the  depth  of  bedrock 
and  to  delineate  a  suspect  geologic  fault  with  a  northwest-southeast 
orientation  that  runs  through  the  center  of  Area  B,  Fort  Detrlck,  Maryland. 
Previous  geologic  investigations  Indicate  Canbrlan  llnestones  and  Triassic 
shales  southwest  and  northwest  of  the  fault,  respectively.  Two  seismic 
refraction  and  two  EM  survey  lines  were  run  at  Area  B  to  determine  the  depth 
to  top  of  rock  and  to  find  evidence  of  the  suspected  fault.  The  seismic 
refraction  method  was  used  to  obtain  velocity  cross  sections  along  each  of  the 
1440-ft  long  survey  lines.  The  velocity  cross  sections  indicated  three 
velocity  zones.  The  two  uppermost  layers  are  Interpreted  as  corresponding  to 
dry  unconsolidated  materials.  The  third  and  deepest  layer,  ranging  in  depth 
between  approximately  9  and  49  ft,  and  having  velocities  ranging  between 
13,050  and  16,100  fps  is  presumed  to  correspond  to  bedrock.  No  clear  evidence 
of  a  fault  was  Interpreted  from  the  seismic  refraction  surveys. 

(continued) 


ia  SUSlfCT  TERMS  i  15.  NUMBER  OF  PAGES 

Electromagnetics  Geophysics  I 

Geophysical  surveys  Seismic  refraction 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  I  IS.  SECURITY  CLASSIFICATION  119.  SECURITY  CLASSIFICATION  I  20.  LIMITATION  OF  ABSTRACT 

OP  REPORT  I  OF  THIS  PAGE  |  OF  ABSTRACT  | 


OIKXASSIFZED 


UNCLASSIFIED 


Standard  Form  298  (Rev  2-89) 

erncriBCO  by  ANSI  SM  tn.lS 
m-152 


13.  ABSTKACT  (ContlniMd) 


Two  EM  survey  lines,  with  lengths  of  925  end  1865  ft,  were  run  at  the  site 
to  determine  the  location  of  the  geologic  fault.  The  maximum  depth  of 
Investigation  for  these  surveys  was  approximately  100  ft.  In  general,  the 
range  of  conductivity  values  for  the  EM  surveys  was  between  2  and  10  mS/m. 
The  narrow  range  of  conductivity  values  shown  by  both  EH  survey  lines 
Indicates  that  the  survey  lines  did  not  cross  a  fault  contact  with  materials 
having  contrasting  electrical  properties  such  as  would  be  expected  when 
crossing  from  relatively  low  conductivity  llsiestone  to  a  relatively  high 
conductivity  shale  material. 


